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Pdx1 deficiency induces Nix expression in MIN6 cells. (A) Microarray analysis of mRNAs in control MIN6 cells and cells in which expression of 
Pdx1 was knocked down (KD) by exposing the cells to a lentivirus-containing shRNA to Pdx1 (3 independent experiments). Blue, low expres-
sion; red, high expression. (B) Gene ontology pie charts illustrating upregulated (left) and downregulated (right) genes. (C) Real-time PCR of 
Pdx1 and Nix mRNAs in Pdx1 knockdown MIN6 cells. Data represent mean ± SEM; n = 6 per group. (D) Immunoblot of Nix expression in Pdx1 
knockdown and control MIN6 cells 5 or 7 days after lentiviral infection.
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Figure 2
Nix overexpression induces programmed MIN6 cell death. (A) MIN6 cells with overexpression (OE) of β-gal or Flag-tagged Nix were stained 
with anti-Flag antibody (green) and DAPI (blue). Original magnification, ×400. (B) MIN6 cells were fractionated into 10,000 g pellet (10p) or 
10,000 g supernatant (10s) and immunoblotted with antibody against Nix or COX IV, a marker of the mitochondrial fraction. (C) MIN6 cells with 
overexpression of β-gal or Nix were fractionated as in B, followed by immunoblotting with anti–cytochrome c (Cyt c) or COX IV antibodies. (D) 
Confocal imaging of β-gal– or Nix-overexpressing MIN6 cells. First row, Flag-tagged Nix (green) and mitochondrial (red) colocalization; second 
row, cytochrome c (green) and mitochondrial (red) staining; third row, caspase-3 activity (red); fourth row, rhodamine 123 (Rh123) staining 
(red). DAPI staining (blue) is also shown. Original magnification, ×1,000. (E) Immunoblot of Flag-tagged Nix, LC-3, and cleaved caspase-3 in 
β-gal– and Nix-overexpressing MIN6 cells. (F) Fluorescence cell sorting analysis of rhodamine 123 in β-gal– and Nix-overexpressing MIN6 cells. 
Mean fluorescence of data from 3 independent experiments is shown. (G) PI (red) and DAPI (blue) staining in β-gal– and Nix-overexpressing 
MIN6 cells as a function of 10 μM DEVD-CHO and/or 1 nM cyclosporin A (CsA) treatment. Quantitation of 3 independent experiments for PI 
staining data is shown at right. Original magnification, ×600. Data represent mean ± SEM.
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Nix is upregulated in Pdx1-haploinsufficient pancreatic islets and 



















Nix upregulation is necessary for MIN6 cell death induced by Pdx1 suppression. (A) Immunoblot of Nix, Pdx1, and cleaved caspase-3 in control, 
Pdx1 knockdown, and Pdx1/Nix knockdown MIN6 cells. (B) Active caspase-3 staining in control, Pdx1 knockdown, and Pdx1/Nix knockdown MIN6 
cells. (C) TUNEL labeling (green) with DAPI (blue) in control, Pdx1 knockdown, and Pdx1/Nix knockdown MIN6 cells. Quantitation of 3 independent 
experiments is shown at left. (D) Rhodamine 123 staining (red) with DAPI (blue) in control, Pdx1 knockdown, and Pdx1/Nix knockdown MIN6 cells. 
Mean fluorescence of 3 independent experiments is shown at left. (E) PI (red) and DAPI (blue) staining in control, Pdx1 knockdown, and Pdx1/Nix 
knockdown MIN6 cells. Quantitation of 3 independent experiments is shown at left. Original magnification, ×1,000. Data represent mean ± SEM.
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Nix overexpression induces pro-
grammed islet cell death. (A) 
Real-time PCR of mRNA for Pdx1 
and Nix using islets from WT and 
Pdx1+/– mice after 1 week on a high-
fat diet (n = 5–6 each). (B) Normal 
mouse islets expressing β-gal or 
Flag-tagged Nix were stained with 
anti-Flag antibody (green) and DAPI 
(blue). Original magnification, ×400. 
(C) Immunoblot of Flag-tagged Nix 
and cleaved caspase-3 in mouse 
islets overexpressing β-gal or Nix. 
(D) Cell sorting analysis to detect 
rhodamine 123 fluorescence in 
β-gal– or Nix-overexpressing islet 
cells. Mean fluorescence of 3 inde-
pendent experiments is shown at 
right. Data represent mean ± SEM.
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Figure 5
Preservation of β cell mass and islet architecture in Pdx1+/–Nix–/– mice. (A) Islet morphology in adult WT, Pdx1+/–, Pdx1+/–Nix–/–, and Nix–/– mice 
(9–11 weeks of age) after 6–8 weeks on a high-fat diet; α cells are stained red (anti-glucagon) and β cells are stained green (anti-insulin). 
Quantitation of group data for β cell area per pancreas area and β cell/α cell ratio are shown (n = 4–6 per group). (B) TUNEL labeling of adult 
pancreatic β cells; quantitative TUNEL data are shown at right (n = 5, each group). (C) Pancreatic islets from 1-day-old mice comparing α cells 
(red; anti-glucagon) and β cells (green; anti-insulin); quantitative group data are shown at right (n = 5 per group). (D) TUNEL labeling of neonatal 
β cells; quantitative data are shown at right (n = 5 per group). Original magnification, ×600 (including insets). Data represent mean ± SEM.
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Genetic ablation of Nix prevents diabetes 
in Pdx1+/– mice. (A and B) Glucose levels 
(A) and respective areas under the glucose 
curves (B) following intraperitoneal injec-
tion of 1 g/kg dextrose. n = 7 (Pdx1+/–); 10 
(Pdx1+/–Nix–/–); 4 (WT). *P < 0.01, **P < 0.001, 
Pdx1+/– versus Pdx1+/–Nix–/–. (C) Insulin levels 
measured fasting and 30 minutes after 
intraperitoneal dextrose. n = 7 (Pdx1+/–); 10 
(Pdx1+/–Nix–/–); 4 (WT). (D) Glucose levels fol-
lowing administration of 0.75 U/kg insulin. n = 4 
per group. All group data are mean ± SEM of 
9–11 weeks of age.
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